Several clones of transformed chick embryo fibroblasts infected with wild-type B77-C or Prague-C strain of Rous sarcoma virus have been isolated from sof agar suspension. These clones were screened for plasminogen activator activity by overlaying monolayer cultures with medium containing agar, casein, and chicken plasminogen. Twenty-three percent of all of the isolated clones showed little caseinolytic activity, 42% had intermediate activity, and 35% had high activity. Although the clones with low plasminogen activator activity had no more than twice the activity shown by uninfected fibroblasts, they did not differ significantly from clones possessing high levels of plasminogen activator in their morphology, 2-deoxyglucose transport, or efficiency of colony formation in soft agar.
Genetic studies of Rous sarcoma virus suggest that only one viral gene, called the src gene because it contains sequences specific for sarcomagenesis, is involved in the transformation of fibroblasts (1) (2) (3) (4) (5) (6) . This gene has the capacity to code for a protein of approximately 40,000-60,000 daltons (7, 8) . It seems unlikely that the src gene product can be directly responsible for all of the unique properties ascribed to transformed fibroblasts; rather it seems that it may affect some basic control mechanism of the cell. Some of the observed alterations of transformed cells include: (i) the ability to induce tumors in animals; (ii) the ability to grow in suspension, either agar or Methocel (methylcellulose); (iii) altered growth properties, such as the loss of contact inhibition of movement, altered serum requirements, and overgrowth in monolayer culture; (iv) altered morphology, that is, increased refractility or vacuolization; (v) increased agglutinability by plant lectins; (vi) loss of surface proteins; (vii) altered glycoprotein and glycolipid compositions; (viii) increased uptake of sugars; (ix) increased protease activity; (x) altered cytoskeleton structure; and (xi) reduced cyclic nucleotide concentrations. The target of the src gene product is unknown. However, one hypothesis which could explain many of the observed alterations is that at an early step in transformation the src gene product, directly or indirectly, affects the integrity of the cell surface, possibly by means of proteolysis of membrane proteins. Studies by several laboratories suggest that proteases can mimic or induce some of the properties of transformed cells. For example, treatment of fibroblasts with proteases induces contact-arrested cells to divide (9, 10) , increases agglutinability (11) , causes cells to become more refractile, alters the cytoskeleton structure (12) , and removes from the surface of normal fibroblasts proteins that also are absent from transformed cells (13, 14) .
Elevated levels of a protease that is a plasminogen activator have been shown to be associated with transformation of embryonic fibroblasts by tumor viruses (15) (16) (17) (18) (19) (20) (21) (22) (23) . This cellular protease can convert the serum zymogen plasminogen to its active form, plasmin (17) (18) (19) (21, (26) (27) (28) (29) , increased cellular adhesion (28) , and reduced cellular agglutinability by plant lectins (29) . However, they did not affect sugar uptake in transformed or normal cells (28) or inhibit removal of surface proteins from transformed fibroblasts (30) .
In this study, we have investigated the correlation between the levels of plasminogen activator and the presence of various properties associated with transformation in RSV-infected chick embryo fibroblasts. We have isolated clones of RSV-infected chick embryo fibroblasts from soft agar suspension cultures and have compared their plasminogen activator activity levels, morphology, sugar uptake, and efficiency of colony formation in soft agar.
MATERIALS AND METHODS Cells and Viruses. Primary chick embryo fibroblasts were prepared from 10-day-old gs-antigen-negative SPAFAS eggs as described previously (17) . PR-C and B77-C virus strains were the kind gifts of W. Joklik and P. Vogt, respectively.
Isolation of Soft Agar Clones. Twelve hours after plating, secondary cultures of chick embryo fibroblasts were infected in monolayer culture with wild-type PR-C-RSV and B77-C-RSV at a multiplicity of infection of 10-4 focus-forming units per cell in the presence of 2 Ag/ml of Polybrene. After adsorption with occasional rocking for 2 hr at 370, cells were treated with trypsin and suspended in medium containing 5% calf serum, 10% tryptose phosphate broth, and 0.36% agar as described by Friis et al. (31) . Two weeks later, visible colonies were removed from the soft agar overlay with a syringe having a 23-gauge needle. Cell clumps were broken by shear force and cells were plated in Linbro tissue culture multi-dishes (FB-16-24-TC). All clones were maintained in Eagle's minimal essential medium containing 5% calf serum and transferred to Scherer's maintenance medium as indicated.
Casein-Agar Overlay Assay. Clones were overlayed with Scherer's medium containing 0.75% agar, 1.4% non-fat milk, and 0-5 Ag/ml of chicken plasminogen as described previously (17) . Deoxyglucose Uptake. Cells were assayed for uptake of 2-deoxyglucose as described by Hatanaka and Hanafusa (33 Variation in Plasminogen Activator Activity. At passages 4 and 5, clones were overlayed with medium containing agar, casein, and 0-5 ,tg/ml of purified chicken plasminogen (17) . Lysis of casein was dependent on the addition of both plasminogen and cells, indicating that no detectable plasmin contaminated the purified plasminogen and that plasminogen does not self-activate. Table 1 compares the levels of plasminogen activator of several representative clones that were infected with B77-RSV. Table 3 with high caseinolytic activity showed a slightly higher sugar uptake, 45 X 103 cpm/mg of protein. These findings are in agreement with published reports comparing growing normal fibroblasts and transformed cells (28, 36) .
Efficiency of Colony Formation in Soft Agar. The in nitro assay that seems to correlate best with tumorigenicity is the ability of cells to grow in soft agar suspension culture (1, 37) .
Although low-, intermediate-, and high-activity clones were isolated from soft agar and thus had been able to grow in soft agar suspension, we considered the possibility that the ability to grow in agar suspension might have been lost during in vitro passage in monolayer culture. Thus, it was important to determine whether the clones with low plasminogen activator activity had retained the ability to grow in soft agar. As a control, we showed that the colony-forming efficiency of normal chick embryo fibroblasts was less than 10-6 (Table 4 ). In contrast, all clones showed a colony-forming efficiency of at least 0.1 in soft agar. Clones with low plasminogen activator activity varied in colony-forming efficiency from 0.1 to 0.8 and the clones with intermediate protease activity varied from 0.1 to 0.4. The one clone with high protease activity showed an efficiency of colony formation of 1.0 in sott agar. All clones, regardless of their plasminogen activator level, exhibited a colony-forming efficiency that was at least 105-fold higher than that of uninfected cells. Fibrinolytic Activity. Another method which has been widely used to estimate plasminogen activator activity is based on the release of radioactive peptides from insoluble '25I-labeled fibrin (15, 16) . Like the casein overlay assay, the fibrinolysis assay is dependent upon the presence of plasminogen and cells or a factor harvested from cells. Using the fibrinolysis assay, we tested the level of plasminogen activator activity in the serum-free harvest fluid from each clone in the presence of purified chicken plasminogen by determining the amount of released radioactive fibrinopeptides as described in Materials and Methods. Uninfected chick embryo fibroblasts released 1.2 X 103 cpm/mg of cell protein ( (1976) embryo fibroblasts with RSV at a multiplicity of infection greater than five causes a rapid elevation of plasminogen activator levels (17, 21, 23) . In addition, cells infected with a wide range of temperature-sensitive transformation mutants of RSV show elevated plasminogen activator levels at permissive temperature but very little if any protease activity at nonpermissive temperature (15, 17) . However, the data in the present paper indicate that even though elevated levels of plasminogen activator frequently are associated with the transformed phenotype, the presence of this protease may not be a necessary condition for transformation of fibroblasts by RSV.
We are not able to rule out the possibility that the very small increases in plasminogen activator activity in some of the low activity clones may be sufficient to cause the transformed phenotype or that plasminogen activator is secreted in a form in which it is not detectable by the assays used. It is conceivable that other proteases that can not convert plasminogen to plasmin may be responsible for inducing the transformed phenotype, as suggested by Chen and Buchanan (38) .
The tumorigenicity in chicks of clones having low, medium, and high levels of plasminogen activator activity should be tested. For this purpose clones transformed with a defective virus that produces non-infectious progeny can be isolated. If colony formation in soft agar is a valid analogy for tumorigenicity (1, 37), we would expect that clones with different levels of plasminogen activator activity would be malignant. It has been reported that clones of human fibrosarcoma cells having low levels of plasminogen activator activity were tumorigenic in immunosuppressed hamsters (39) .
